Reduction of kidney uptake in radiometal labeled peptide linkers conjugated to recombinant antibody fragments. Site-specific conjugation of DOTA-peptides to a Cys-diabody.
Arano and co-workers (Arano et al. (1999) Cancer Res. 59, 128-134) have synthesized peptides with an N-terminal radioiodinated hippuric acid and a C-terminal lysine linked to antibody fragments via the epsilon-amino group of lysine that show reduced kidney uptake compared to antibody fragments directly radioiodinated. This approach takes advantage of the lysine specific carboxypeptidase activity of the kidney brush border enzymes that cleave off the radiolabeled peptide linker from the antibody fragment prior to uptake by proximal tubule cells. On the basis of their approach, we have synthesized a tetrapeptide with an N-terminal DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid) and a C-terminal (N(epsilon)-maleoyl)lysine that was site-specifically conjugated to an anti-CEA diabody (Yazaki et al. (2001) Bioconjugate Chem. 12, 220-228) that was engineered to contain a C-terminal cysteine (Cys-diabody). Biodistributions of the In-111-radiolabeled conjugate in nude mice show significantly reduced kidney uptake (a maximum of 82%ID/g at 6 h) compared to In-111 radiolabeled DOTA-diabody (184%ID/g at 6 h) in which DOTA was conjugated to endogenous lysine residues using DOTA-active ester chemistry. To further reduce kidney uptake, a homologous compound with a C-terminal (N(epsilon)-amino-1,6-hexane-bis-vinyl sulfone)lysine was synthesized and site-specifically conjugated to the Cys-diabody. Biodistributions of this In-111-labeled conjugate reduced kidney uptake to 54%ID/g at 6 h. To explore the effect of the relative positions of the chelate vs the cys-diabody on kidney uptake, we also synthesized a tetrapeptide with an N-terminal bromoacetate for conjugation to Cys-diabody and a C-terminal (N(epsilon)-amidino-propyl-3-thio-vinylsulfonyl-DO3A)lysine. This peptide essentially reverses the positions of the chelate and Cys-diabody attachment points on the peptide, while retaining the linker length on the epsilon-amino group of the lysine. In this case, biodistributions of the In-111-radiolabeled conjugate in nude mice showed high kidney uptake (189%ID/g at 6 h), comparable to that obtained with the In-111-radiolabeled active ester conjugated DOTA-diabody (184%ID/g at 6 h). We conclude that the peptide linker strategy of Arano and co-workers to reduce kidney uptake can be successfully applied to chelate/radiometal complexes and requires that the chelate/radiometal be located at the N-terminus of the peptide and the antibody fragment attachment site on the epsilon-amino group of the lysine. Furthermore, we demonstrated a role for the attachment chemistry to the epsilon-amino group of the lysine on the magnitude of kidney uptake.